IN THE CLAIMS: 



Please cancel claims 1-17, 20, 23-50, 52-60, 109-128, 130-131, 134-160, 163-172, and 221-227 
and add new claims 228-3 1 1 . 



228. In a digital communi< :ation system, a method for transmitting via a plurality of inputs to a 
channel, said method comprising: 

providing a time domain si bstantially orthogonalizing procedur e to divide s aid channel into 
input bins; 

providing one or more spatial directions for communication defined by corresponding weightings 
among said channel inputs wherein e; ich input bin has at least one associated spatial direction; and 



transmitting said information 
applications of said time domain 
defined by a combination of input bit 



in/said \ubchannel s by employing at least two independent parallel 
substantially orthogonalizing procedure, jsaid^ subchannels being 
and spatial direction. 



229. The method of claim 
directions so that each spatial directk n 



228 wherein said weightings define said one or more spatial 
corresponds to communication via exactly one channel input. 



230. The method of claim 228 wherein said weightings define said one or more spatial 
directions so that each spatial directs »n corresponds to communication via more than one channel input. 

23 1 . The method of claim '. !28 wherein sai d we ightings are chosen based upon characterization 
of a desired signal subspace. 

232. The method of claim \ 28 wherein transmitting/comprises: 
providing a group of input sy nbols wherein each input symbol corresponds to a particular input 

bin of said time domain substantially arthogonalizinglpro^edure; 

applying ones of said weightiigs corresponding to each of said input bins to each of said input 
symbols to develop for each of said input symbols-ervector of spatially processed symbols, each element 

channel input of said plurality of channel inputs; 
stantially orthogonalizing procedure independently for each of 
said channel inputs to said spatially processed symbols; and 

transmitting via said channel Jnputs responsive to results of said time domain substantially 
orthogonalizing procedure. 



of said vector corresponding to a sing] 
applying said time domain s 



233. The method of claim 228 wherein transmitting comprises transmitting information in 
subchannels defined by said input bins and at least two spatial directions associated with each of said 
input bins, said spatial directions being chosen independently for each of said input bins. 
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234. The method of claim 
orthogonal for each of said input bins. 



233 wherein said at least two spatial directions are mutually 



235. The method of claim 233 wherein transmitting comprises: 

providing a group of input syr ibols wherein each input symbol corresponds to a particular input 
bin of said time domain substantially orthogonalizing procedure and a particular one of said at least two 
spatial directions; 

for each of said spatial directi )ns applying one of said weightings to define contributions to each 
of said channel inputs; 

for each channel input, indej iendently applying said time domain substantially orthogonalizing 
procedure to results of applying said/weightings; and 

transmitting via said channel inputp responsive to results of applying said time domain substantially 
orthogonalizing procedure. 



236. The method of claim 235 wherein said weightings are selected according to singular 
value decompositions of matrices characterizing communication via each input bin of said channel. 

237. The method of claim 235 further comprising applying a coding procedure to develop said 
group of input symbols. 

238. The method of ckim 233 wherein said least two spatial directions are not mutually 
orthogonal for each of said input bins. 



239. The method of cla 
coding said information 



m 238 wheremn-ansmitting comprises: 

to develop symbols corresponding Jp each of said subchannels, said 
coding being optimized to take a< [vantage of multiple spatial directions; 

applying said time domain substantially orthogonalizing procedure independently to symbols 
corresponding to each of said at L ;ast two spatial directions; 

applying said weighting; to results of said independent applications of said time domain 
substantially orthogonalizing proc edure; and 

transmitting via said channel inputs responsive to results of applying said weightings. 



240. The method of claim 228 wherein said time domain substantially orthogonalizing 
procedure belongs to one of a group consisting of an inverse Fast Fourier Transform and a Fast Fourier 
Transform. 



3 



c 



241. The method of claim 
Fourier transform is followed by addi 



240 wherein said Fast Fourier Transform or said inverse Fast 
ion of a cyclic prefix. 



242. The method of claim 
plurality of channel inputs are 



128 wherein said channel comprises a wireless channel and said 
associated with a corresponding plurality of transmitter antenna elements. 



243. The method of claim 242 wherein said plurality of transmitter antenna elements are co- 



located. 



244. The method of claim 2J42 wherein said plurality of transmitter antenna elements are at 
disparate locations. 



245. The method of claim 
said plurality of subchannels. 



28 further comprising: allocating bit loading and power among 



for transmitting via a plurality of inputs to a channel, said 



246. A transmitter system 
transmitter system comprising: 

at least one processing elem ent that ap plies a time domain substantially orthogonalizing 
procedure to divide said channel into input bins;l 

a spatial processor employing weightings among \aid channel inputs to define spatial directions 
wherein each input bin has at least or e associated spatial direction; and 

wherein said transmitter system transmit^ information in subchannels of said channel, each of 
said subchannels being defined by a i combination of input bin and spatial direction, by employing said at 
least one processing element for at 1< ;ast two independent applications of said time domain substantially 
orthogonalizing procedure. 

247. The transmitter system of claim 246 wherein said weightings define said one or more 
spatial directions so that each spatia^ direction corresponds to communication via exactly one channel 
input. 



248. The transmitter system! of claim 246 wherein said weightings define said one or more 
spatial directions so that each spatial direction corresponds to communication via more than one channel 
input. 

249. The transmitter system of claim 246 wherein said weightings are chosen based upon 
characterization of a desired signal subspace. 



250. The transmitter system of ojaim 246 comprising: 
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a system input that receives a group of input symbols wherein each input symbol corresponds to 
a particular input bin of said timi ; domain substantially orthogonalizing procedure; and wherein 

said spatial processor applies ones of said weightings corresponding to each of said input bins to 
each of said input symbols to C evelop for each of said input symbols a vector of spatially processed 
symbols, each element of said ve ctor corresponding to a single channel input of said plurality of channel 
inputs; and wherein 

said at least one processing element applies said time domain substantially orthogonalizing 
procedure independently for each of said channel inputs to said spatially processed symbols; and 
wherein 

said transmitter system transmits via said channel inputs responsive to results of said time 
domain substantially orthogonalifeing procedure. 



251. The transmitter sj 
defined by said input bins and at 
spatial directions being chosen in 



252. The transmitter 
mutually orthogonal for each of slaid 



stem of claim 246 wherein information is transmitted in subchannels 
least two spatial directions associated with each of said input bins, said 
dependency for each of said input bins. 



sy ster n, of claim 251 wherein said at least two spatial directions are 
input bins. 



a particular input bin of said time 
said at least two spatial directions 



253. The transmitter system of claim 2$1 comprising: 

a system input that receiv :s a group of input symbols wherein each input symbol corresponds to 

: domain substantiallyyOrthogonalizing procedure and a particular one of 
and wherein 

said spatial processor, for < :ach of said-spitial directions, applies one of said weightings to define 
contributions to each of said chanr el inputs; and wherein 

said at least one processing element independently applies said time domain substantially 
orthogonalizing procedure to result 5 of applying said weightings; and wherein 

said transmitter system trai smits via said channel inputs responsive to results of applying said 
time domain substantially orthogonalizing procedure. 

254. The transmitter system of claim 253 wherein said weightings are selected according to 
singular value decompositions of matrices characterizing communication via each input bin of said 
channel. 



255. The transmitter systeirnof claim 253 further comprising an encoding system that applies a 
coding procedure to develop said group) of input symbols. 
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256. The transmitter systeiji 
mutually orthogonal for each of said 



of claim 25 1 wherein said at least two spatial directions are not 
nput bins. 



257. The transmitter systeri l of claim 256 further comprising: 

an encoding system that encodes said information to develop symbols corresponding to each of 
said subchannels, said coding being optimized to take advantage of multiple spatial directions; and 
wherein J 

said at least one processing element applies said time domain substantially orthogonalizing 
procedure independently to symbols corresponding to each of said at least two spatial directions; and 
wherein 

said spatial processor appli< s said weightings to results of said independent applications of said 
time domain substantially orthogon alizing procedure; and wherein 

said transmitter system tra ismits via said plurality of channel inputs responsive to results of 
applying said weightings. 



258. The transmitter sysi em of claim 257 whterein said weightings are selected so that there is 
a one to one association between channel inputs and spa)ial directions. 



259. The transmitter 
orthogonalizing procedure belong 
a Fast Fourier Transform. 



system of daim 246 wherein said time domain substantially 
to one of a group consisting of an inverse Fast Fourier Transform and 



260. The transmitter 
Fast Fourier transform is followec 



262. The transmitter 
elements are co-located. 



system of clai^ij2^^wherein said Fast Fourier Transform or said inverse 
by addition of a cyclic prefix. 

261. The transmitter system of claim BjAvherein said channel comprises a wireless channel 
and said plurality of channel inpu ts are associated with a corresponding plurality of transmitter antenna 
elements. 



system of claim 261 wherein said plurality of transmitter antenna 



263. The transmitter syjstem of claim 261 wherein said plurality of transmitter antenna 
elements are co-located. 



264. The transmitter system of claim 263 wherein said plurality of transmitter antenna 
elements are at disparate locations. 



6 



c 




265. The transmitter system of clarafiLB^further comprising: 

a bit loading system that allocates bii loaning and power among said plurality of subchannels. 

266. In a digital cornjmunication system, a method for receiving via a plurality of outputs from 
a channel, said method comprising: 

providing a time domain substantially orthogonalizing procedure to divide said channel into 
output bins; 

providing one or more spatial directions for communication defined by corresponding weightings 
among said channel outputs wherein each output bin has at least one associated spatial direction; and 

receiving information via subchannels of said channel by employing at least two independent 
parallel applications of said time\ domain substantially orthogonalizing procedure, each subchannel 
defined by a combination of output bin and spatial direction. 

267. The method oif claim 266 /wherein said weightings define said one or more spatial 
directions so that each spatial direction corresponds to communication via exactly one channel input. 

268. The method of\clain/266 wherein said weightings define said one or more spatial 
directions so that each spatial direction corresponds to communication via more than one channel input. 

269. The method of cl^im 266 wherein said weightings are chosen based upon characterization 
of a desired signal subspace. 

270. The method of claim 266 wherein receiving comprises: 
receiving inputitime domain symbols via said channel outputs; 
applying said substantially orthogonalizing procedure to said input time domain symbols 

independently for each of said channel outputs; and 

applying ones of said weightings corresponding to each of said output bins to results of said 
substantially orthogonalizing procedure to obtain symbols transmitted via each of said subchannels. 

271. The method of claim 266 wherein receiving comprises receiving information in 
subchannels defined by said output bins and at least two spatial directions associated with each of said 
output bins, s aid spatia l^ directions being chosen independently for each of said output bins. 

The method of claim £7T wherein said at least two spatial directions are mutually 
orthogonal for each of said output bins. 





■2^3. The method of claim 27Hvherein receiving comprises: 
receiving time domain symbols via said channel outputs; 



for each of said channel outputs, independently applying said time domain substantially 
orthogonalizing procedure to saM received input time domain symbols; and 

applying said weightings to results of said time domain substantially orthogonalizing procedure 
to obtain symbols transmitted via\each of said subchannels. 




A. 



The method of claim 3?3^wherein said weightings are selected according to singular 
value'decompositions of matrices characterizing communication via each output bin of said channel. 

V s 

The method of claim further comprising applying a decoding procedure to said 
symbols transmitted via each of said subchannels. 

-2?6T The method of claim 2?f*wherein said at least two spatial directions are not mutually 
orthogonal for each of said output bins. 

IdT. The metho 1 of claim 276~wherein receiving comprises: 
receiving time don lain symbols via said channel outputs; 
for each of said chj innel outputs, applying said weightings to said time domain symbols to obtain 
results corresponding to a: ich of said spatial directions; 

applying said time domain substantially orthogonalizing procedure to said results independently 
for each of said spatial dir ctions to obtain symbols transmitted via each of said subchannels; and 

decoding said sympols transmitted via each of said subchannels according to a coding scheme 
optimized to take advantag s of multiple spatial directions. 

2?8T The method of claim 366"* wherein said time domain substantially orthogonalizing 
procedure belongs to one of a group consisting of a Fast Fourier Transform and an inverse Fast Fourier 
Transform. 



(V 



The method of claim 228* wherein said Fast Fourier Transform or said inverse Fast 
Fourier Transform is preceded by removal of a cyclic prefix. 

,28a The method of claim 2€ff wherein said channel comprises a wireless channel and said 
plurality of channel outputs are associated with a corresponding plurality of receiver antenna elements. 
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2#fT The method of claim 2%(f wherein said plurality of receiver antenna elements are co- 
located. 

2ST. The method of claim 2Bv wherein said plurality of receiver antenna elements are at 
disparate locations. 
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283. The method of claim 266 further comprising: 

receiving Via a particular one of said channel outputs, at least v frequency domain training 
symbols transmitted Via a particular input to said channel in a single burst, v being an extent in symbol 
periods of a duration o& significant terms of an impulse response of a channel component coupling said 
particular channel input akd said particular channel output; 

applying said time (domain substantially orthogonalizing procedure to said received at least v 
training symbols to obtain a tune domain response for said channel component; and 

applying an inverse of said substantially orthogonalizing procedure to a zero-padded version of 
said time domain response to obtain a frequency response for said channel component. 



Ml 



284. A receiver system for receiving via a plurality of outputs from a channel, said receiver 
system comprising: 

at least one process ng element tha\ a time domain substantially orthogonalizing procedure to 
divide said channel into out >ut bins; 

a spatial processor employing weighting* among said channel outputs to define spatial directions 
wherein each output bin has at least one associatea. spatial direction; and 

wherein said receivensystem receives information via subchannels of said channel, by employing 
at least two independent parallel applications of said substantially orthogonalizing procedure by said at 
least one processing element,\each of said subchannels b\ing defined by a combination of output bin and 
spatial direction. \ 



285. The receiver system of clahri 284 wherein said weightings define said one or more spatial 
directions so that each spatial direction/Corresponds to communication via exactly one channel output. 



286. The method of clai: 
directions so that each spatial direct- 




84 wherein said weightings define said one or more spatial 
rresponds to communication via more than one channel output. 



287. The receiver syste-m of claim 284 wherein said weightings are chosen based upon 
characterization of a desired signalWbspace. 




288. The receiver systerfsof claim 284 further comprising: 

a system input that receives input time domain symbols via said channel outputs; and wherein 
said at least one processing elemen\applies said substantially orthogonalizing procedure to said 
time domain input symbols independently for each of said channel outputs; and wherein 

said spatial processor applies ones of said weightings corresponding to each of said output bins 
to results of said substantially orthogonalizing procedute^obtain symbols transmitted via each of said 



t 16 

The receiver system of claim 28*Twherein said receiver system receives information in 
subchannels defined by said output bins and at least two spatial directions associated with each of said 
output bins, each of said output bins having identical associated spatial directions. 

•29& The receiver system of claim .28*f wherein said receiver system receives information in 
subchannels defined by said output bins and at least two spatial directions associated with each of said 
output bins, said spatial directions being chosen independently for each of said output bins. 

JO if 

The receiver system of claim 290Vherein said at least two spatial directions are mutually 
orthogonal for each of said output bins. 

Pf— 

The receiver system of claim 299 further comprising: 
a system input that recewes time domain symbols via said channel outputs; and wherein 
said at least one processing element, for each of said channel outputs, independently applies said 
time domain substantially orthojgonalizing procedure to said received input time domain symbols; and 
wherein 

said spatial processor applies said weightings to results of said time domain substantially 
orthogonalizing procedure to obtatfi symbols transmitted via each of said subchannels. 




The receiver system of claim ,292*wherein said weightings are selected according to 
singular value decompositions of matrices characterizing communication via each output bin of said 
channel. 

The receiver system of claim ,292? further comprising a decoding system that applies a 
decoding procedure to said symbols transmitted via each of said subchannels. 

The receiver system of claim -296 wherein said at least two spatial directions are not 
mutually orthogonal for each of said output bins. 

296? The receiver system of claim 295 further comprising: 

a system input that receives time domain symbols via said channel outputs; and wherein 
said spatial processor, for each of said channel outputs, applies said weightings to said time 
domain symbols to obtain result symbols corresponding to each of said spatial directions; and wherein 

said at least one processing element applies said time domain substantially orthogonalizing 
procedure to said result symbols independently for each of said spatial directions to obtain symbols 
transmitted via each of said subchannels; and wherein said receiver system further comprises: 
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a decoding system that decodes symbols transmitted via each of said subchannels according to a 
coding scheme optimized to take advantage of multiple spatial directions. 

J8*T. The receiver system of claim *M$2Twherein said time domain substantially orthogonalizing 
procedure belongs to one of a group consisting of a Fast Fourier Transform and an inverse Fast Fourier 
Transform. * 

<298. The receiver system of claim -397* wherein said Fast Fourier Transform or said inverse 
Fast Fourier Transform is preceded by removal of a cyclic prefix. 

The receiver system of claim -2-84"Avherein said channel comprises a wireless channel and 
said plurality of channel outputs are associated with a corresponding plurality of receiver antenna 
elements. 

The receiver system of claim-S^wherein said plurality of receiver antenna elements are 

co-located. 

•SfrrT The receiver system of claim 299 wherein said plurality of receiver antenna elements are 
at disparate locations. 



302. The receiver system of claim 284 further comprising: 
channel estimation processor that receives via a particular one of said channel outputs, at least v 

frequency domain training symbols tsansmitted via a particular input to said channel, v being an extent 
in symbol periods of a duration of significant terms of an impulse response of channel component 
coupling said particular channel input and s^id particular channel, applies said time domain substantially 
orthogonalizing procedure to said received at least v training symbols to obtain a time domain response 
for said channel component, and that applies an inverse of said substantially orthogonalizing procedure 
to a zero-padded version of said time domain response to obtain a frequency response for said channel 
•oompon e Rtr- 

303. A transmitter sys\em for transmitting via a plurality of inputs to a channel, said 
transmitter system comprising: \ 

at least one processing elemerrKthat performs a time domain substantially orthogonalizing 
procedure to divide said channel inta input bins; 

an encoding system that applies an encoding scheme to information, said encoding scheme being 
optimized to take advantage of multipWspatial directions; and 



V 
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wherein said transmitter system 
subchannels of said channel, each of said 
spatial direction. 

304. The transmitter system of 
corresponds to transmission via a single crjannel input 



ansmits information as encoded by said encoding system in 
subchannels being defined by a combination of input bin and 



claim 303 wherein each of said multiple spatial directions 



305. The transmitter system of 
corresponds to a weighting among said cha"nne: 



lai n *30b wherein each of said multiple spatial directions 
ne^jnputs. 



306. The transmitter system of claim 305 wherein said weighting is applied to a time domain 



signal. 



307. A receiver systemjfor receiving via a plurality of outputs from a channel, said receiver 
system comprising: 

at least one processing element that performs a time domain substantially orthogonalizing 
procedure to divide said channel into output bins; 

a decoding system that removes an encoding scheme from received information, said encoding 
scheme being optimized to take advantage of multiple spatial directions; and 

wherein said receiver system vreceives said information in subchannels of said channel, each of 
said subchannels being defined by a combination ofoutput bit and spatial direction. 



rm 307 wherein each of said multiple spatial directions 
[, Output. 



308. The receiver system or clai 
corresponds to reception via a single channel, 



309. The receiver system of claim 307 wherein each of said multiple spatial directions 
corresponds to a weighting among said channel outputs. 




310. The receiver system of claim 309 wherein said weighting is applied to a time domain 



signal. 
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311. A receiver systerVi that receives a burst of time domain symbols via an output of a 



^["channel, said receiver system comprising 



at least one processing element that performs a time domain substantially orthognalizing 
procedure on said burst of time do main symbols to recover a burst of frequency domain symbols; and 

a channel estimation processor that receives at least v training symbols belonging to said burst of 
frequency domain training symbols, v being an extent in symbol periods of a duration of significant 
terms of an impulse response of sjaid channel, applies said time domain substantially orthogonalizing 
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